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Swmmary. The entire gene coding for the human f-myosin
heavy chain has been isolated from genomic EMBL3A phage
libraries by chromosomal walking starting from clone gMHC-1,
reported earlier (Appelhans and Vosberg 1983). gMHC-1 has
been shown to carry coding information for the C-terminal
two-thirds of B-myosin heavy chain, which is expressed in car-
diac muscle and in slow skeletal muscle fibers (Lichter et al.
1986). Three DNA clones were identified as overlapping with
gMHC-1 by restriction mapping and DNA sequencing. They
span a 30-kb region in the genome. About 22kb extend from
the initiation codon ATG to the poly(A} addition site. The
clones include about 4kb of 5 flanking sequences upstream of
the promoter. Comparisons of B- and «¢-myosin heavy chain
sequences indicate that gene duplication of the cardiac myosin
heavy chain isogenes preceded the mammalian species differ-
entiation.

Iniroduction

Mouscle is a particularly intriguing biological system for studies
of gene expression in cells, tissues, and whole organisms.
Thus, separate stages can be distinguished in vivo during the
development of muscle from early embryonic to adult life
(Caplan et al. 1983). Also, different expression programs exist
in the adult vertebrate organism in individual muscle tissues
(Buckingham 1985; Bandman 1985). And finally, these pro-
grams are not fixed, but vary depending on changing internal
and external conditions (Blau et al. 1985; Whalen et al. 1985;
Izumo et al. 1986). The plasticity of muscle is accompanied by
a considerable isoform variability of muscle-specific proteins.
The mechanisms responsible for the various proteins are
based on multigene families of nonallelic, but related, genes
(Buckingham 1985; Emerson and Bernstein 1987), on alterna-
tive splicing of primary muscle gene transcripts (Breitbart et
al. 1987), and possibly also on posttranslational protein mod-
ifications {Bandman et al. 1982).

A major component of the contractile apparatus is the
myosin molecules, which consist in their monomeric form of
two heavy chains (molecular weight about 200000) and four
light chains (molccular weights between 16000 and 27000).
The native units assemble spontaneously to produce the multi-
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meric thick filaments of muscle. Myosin heavy chains (HCs)
have been identified in multiple unique isoforms in embryon-
ic, neonatal, and adult muscle (Weydert et al. 1983; Whalen et
al. 1985). In addition, different adult muscle tissues {fast,
slow, cardiac, and others) contain distinct versions of the myo-
sin heavy chains. Their expression is controlled by hormones
(Butler-Browne and Whalen 1984; Whalen ct al. 1985: Everett
et al. 1986), by innervation (Pette and Vrbova 1985; Ecob-
Prince et al. 1986), and by the physical state of the muscle
(McDermott et al. 1985; Hoffman et al. 1986; Buttrick et al.
1986).

The different isoforms of sarcomeric myosin HCs are
coded by a multigene family (Nguyen et al. 1982; Leinwand et
al. 1983a) that in man and mouse is split; in man, one locus for
cardiac myosin HC genes is on chromosome 14 (Saez and
Leinwand 1986; Hiller 1986) and a second locus for the sekel-
tal myosin HC genes, on chromosome 17 (Leinwand et al.
1983b; Rappold and Vosberg 1983; Edwards et al. 1985). Itis
not known how many different sarcomeric myosin HC gencs
exist. A minimum estimate for mammalian organisms is eight
(Buckingham 1985).

We previously described genomic DNA clone gMHC-1
(Appelhans and Vosberg 1983), which was subsequently
shown tc comprise part of a myosin HC gene expressed in
heart and skelet®f muscle (Lichter et al. 1986). On the basis of
partial DNA sequence data we were able to demonstrate that
this clone contains about 65% of the B-myosin HC gene, in-
cluding the 3’ end. To complete the entire gene, we isolated
the missing parts by chromosomal walking. Four overlapping
clones cover the entire gene together with 3" and 3’ flanking
sequences spanning a 30-kb region. These clones make it pos-
sible to study the regulation of the 3-myosin HC gene in mus-
cle tissues, in myoblast differentiation in vitro, and in diseased
muscle.

Methods

Preparation of DNA from leukocytes

Twenty milliliters of venous blood and 20mg EDTA werc
mixed with 60ml buffer containing 155mM NH,C], 10mM
KHCO;, and 0.1mM EDTA (pH 7.3-7.4) and cooled in ice.
Hemolysis occurred within 30 min. The intact leukocytes wete
pelleted for 10min in an $S34 rotor at 1500 rpm (4°C). Cells
were washed with 10ml buffer containing 75 mM NaCl and
25mM EDTA, pH 7.8. After resuspension of the cells in 5 ml



of the same buffer, proteinase K was added to a concentration
of 100pug/ml and SDS to 1%. After 2h at 37°C, DNA was
extracted with phenol and finally precipitated with isoprop-
anol. We obtained about 500 pg DNA from 20 ml blood. (The
hemolysis protocol is from Dr. Dareshwar, Bombay).

Construction of genomic phage libraries

Genomic Mbol fragments, obtained by limited digestion,
were treated with alkaline phosphatase and ligated with
BamHI-cleaved EMBL3A vector arms (Frischauf et al, 1983).
Ligation products were packaged using extracts of Genofit
(Geneva) or Boehringer Mannheim. Phages were plated on
E. coli strain NM 339. This strain carries the prophage P2 and
affords the powerful spi selection system: Only phages con-
taining foreign inserts are propagated (Karn et al. 1980). Two
libraries were constructed separately by ligating (library 1)
200 ng restricted genomic DNA to 300ng vector DNA and
(library 2) 4.5 ug genomic DNA to 6 pg vector DNA. The total
plaque yields for the two libraries were about 5 x 10° plaque
forming units (pfu) and 1.5 % 10° pfu, respectively. The prob-
abilities to find a 15-kb single-copy insert within these plaque
collections were 90% and 99% (Clarke and Carbon 1976). Re-
combinant phages were harvested directly from the plates.

Phage growth conditions and plaque screening

h-Phages were grown either in suspension according to
Silhavy et al. (1984) or as lysates harvested from plates as de-
scribed earlier (Appelhans and Vosberg 1983). The plaque-
screening protocol was essentially that of Benton and Davis
(1977). We used 13.5-cm plates with approximately 2 x 10*
pfu per plate. Altogether 20 plates per library were screened.
Radioactive labeling of probes [a(**P)dCTP with 111 TBq/
mmol (1 TBq = 10" decays/s)] was achieved using the random
primer extension protocol of Feinberg and Vogelstein (1983).
Filters were washed in 0.1 X SSC, 0.1% SDS for 2h at 68°C.

Restriction mapping and sequencing

Restriction maps of phage DNA or fragments thereof cloned
in pBR325 or pUC19 were established using standard tech-
niques (Maniatis et al. 1982). Sequencing of the 5’ terminal
fragment of the genomic clone gMHC-1 (designated EcoG)
was according to Maxam and Gilbert (1980). All other se-
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guences were obtained by the dideoxy chain termination
method (Sanger et al. 1977) using (S)JATP. In addition to
the general sequencing primers of the pUC system we used f-
myosin HC-specific oligonucleotide primers, which were syn-
thesized according to the phosphoamidite triester method
(Caruthers et al. 1987).

Sequence analysis

Alignment of the first translated exon of the B-myosin HC
gene was done using the program HD-MAXHOM by Dr.C.
Sander, Heidelberg. Open reading frames and splice sites
were identified by a translation program written by K.W.D.

Results

Three EMBL 3A phage clones with myosin heavy chain gene
sequences were isolated from two independently constructed
genomic phage libraries, libraries 1 and 2. For clone selection
two probes were used, both containing single-copy sequences
of the previously characterized clone gMHC-1 (Appelhaos
and Vosberg 1983). One of these probes was the 5’ terminal
EcoRI fragment of this clone (652bp, designated EcoG), and
the other included parts of the last exon with the entire 3’ non-
translated region of the B-myosin HC gene (a 412-bp Smal
fragment, designated EcoFIII). No physical size selection of
DNA. fragments was involved in the construction of the lib-
raries. Instead, digestion conditions were controlled to yield
an average fragment length of about 15-20kb.

From library 1 we isolated two clones that hybridized to
both probes (these clones were not investigated further) and
one that hybridized to EcoG only. Because this clone did not
hybridize with sequences 1kb downstream of EcoG, it was

" assumed that it extends approximately from the middle of the

gene over a distance of about 14kb to its 5" end. This clone
was designated gMHC-2. Library 2 contained one clone that
was recognized by the EcoG probe, but not by EcoFIIL, and a
second clone, which was labelled by EcoFIIl, but only weakly
by EcoG. These two clones were designated gMHC-3 and
gMHC-4, respecttvely. The insert lengths of these EMBL3A
clones were about 14 kb. Restriction with the enzymes EcoRI.
BamHI, and HindIIT produced the following results (sec¢
Fig. 1): With gMHC-2 and -3, two common EcoRI fragments
(3.2kb and 1.4kb) and one common BamHI fragment
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Fig. 1. Restriction maps of the g-epomic clones gMHC-1 to -4. The restriction sites for EcoRI (the eight sites arc numbered 1 to 8), HindIll (H),
apd BamHI (B) are shown. Positions of the promoter (TATA), the translation start codon (ATG), the stop codon (TAG), and the polyadenyla-
tion signal (AATAAA) are marked by arrows. Fragments of gMHC-1 that served as screening probes A (EcoG) and B (EcoFIII) are indicated

as thin lines. Lengths are indicated in kb
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TGACGGTGATGTGTAAGGCACTCTGATGGACATTACCTCATCAGTGGCCCTACAACCCCCTGGATAGCTGGTTGT 450 Fig. 2A, B. The overlapping region of
. GMHC 1 clones gMHC-1, -2, and -3. This region is
g flanked by the EcoRI sites 3 and 4 (E3 and
CCAAGACAGARTCTTAGTTCAACTTTAAATTTACCTGCAGAACCACTTAATCCCCCAATGAGACATATTCARATT FE4in Fig. 1). A Sequencing strategy. The
GTTAATCCATTTTTGGCTAATTAGGAGACAGAGGCTCAGGGACCTGGGTTCAAGACCTGGCTCTGTTCITGATCA 600 arrows underneath gMHC-1 indicate
GCTTAGTGARCTTGGCCTGTCCCGTAACCCCTCTGGGCTTAATTTACTCATCTAGAACAT TGGATATATCTGTTC sequences determined according to Maxam
i ) .
TGGCTACCACCTATGATAATAGGTGTGAATCATATAAAARAGGAATGTGAAAGCCT T TTAGTTARABATGTGGCT 750 and Gilbert (1980). gMHC-2 and -3
AAAATGAAACAAATGAT . A sequences were obtained according to
AGARG AAATGATTATTACTAACTGACTTGCTAAGATTACAAGCTAATCAGTGACARAGCCAGCAT Sanger et al. (1977) with pUC primers
CAGAACCCAGAACTTCAGTCCAGTGTTOTCACAGACTCCTCCTACTTCCTTCTTGCCACAGGGGTGATGGACAAC 900 (dots) or synthetic B-myosin HC-specific
6V M DN primers (open boxes). Exon 18 and exon 19,
Exon 19 Shown as dark boxes, are numbered accord-
CCCCTGOTCATGCACCAGCTGGCTGCAATCETGTGCTGEAGGGCATCCGCATCTGCAGGARAGGCT TCCCCAAC ing to the rat embryonic myosin HC gene
(Strehler et al. 1986). Fragment lengths in
PLYMHOLRCNGVYLEGIRICRKEFPN kb. B Sequence of A-GMHC, 1, 2 and 3 in
the common EcoRI fragment. DNA and
CGCATCCTCTACGGGEACTTCCCGCAGAGGTGGGTATGAGGGTGCACCAGAGC TCATAGRACAGGGGGAGCCAGG 1050 protein sequences. Underlined are the Alul
R I LYGDFRUGR oy andﬁ Mbol reStI"ICtIOIl sites. Tk}e two sites ,
delineate the 5’ end of gMHC-1 and the 3
- end of gMHC-2 respectively. The amino

CTGCCCTGATGGGAATGGGATCTGCAGGTGACCCTAGAATTC
B gMHC 2 «

acid sequences coded by exons 18 and 19
are indicated

(0.7 kb) were obtained. Digestion of the clones gMHC-1 and
gMHC-4 produced common fragments with EcoRI (5.4Kkb,
4.6kb, 1.6kb, and 0.5kb), HindlIl (4.6kb and 0.5kb), and
RamHI (3.3kb and 1.2kb). The order of the restriction sites
in the respective clones is summarized in Fig. 1. These results
indicate that gMHC-2 and -3, and gMHC-1 and -4 are pairs of
overlapping genomic clones.

That the two pairs are mutually overlapping and thus rep-
resent a 30-kb contiguous genomic segment was shown by se-
quence analysis of the region between the EcoRI sites 3 and 4
{1092 bp; indicated in Fig.1). The sequencing strategy is
shown in Fig.2a. Only gMHC-3 contains this region in its
entire length. Clone gMHC-1 lacks 440bp from the 5" end and
gMHC-2 lacks 20bp from the 3’ end. Six hundred seventy
base pairs common to all three clones were found to be identi-
cal by complete sequencing of the respective gMHC-1 region
and by partial sequencing of about 220 bp at the 3’ ends of the
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respective regions of gMHC-2 and -3. (Data for gMHC-1 are
taken in part from Lichter et al. 1986 and Lichter 1986.) The
440bp not present in gMHC-1 were found to be identical in
both clones, gMHC-2 and -3 (Fig. 2b). gMHC-2 terminates at
its 3’ end with an Mbol cleavage site. This site is present in
gMHC-1 and -3 (underlined in Fig.2b), which both extend
beyond this testriction sequence. An Alul cleavage site at the
5' end of gMHC-1 is present in gMHC-2 and -3 (underlined in
Fig. 2b). The regions between the EcoRI sites 3 and 4 include
two p-myosin HC exons, exons 18 and 19. [The exon number-
ing is according to that for the rat embryonic myosin HC gene
(Strehler et al. 1986).] Exon 19 codes for the functionally im-
portant “active thiol” region of the myosin head. Clone
gMHC-4 was not sequenced. However, the restriction map-
ping data indicate firmly that this clone overlaps extensively
with gMHC-1. It terminates at its 5’ end just 20bp 5’ to the
EcoRI site 4.
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ively entire coding sequence is included in this set of clones was
y the shown by determining the translational start site on clones

gMHC-2 and -3. This was achieved by sequencing a subregion
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Fig. 3. Sequence comparison of the first translated
exon of the human §-MHC gene. Alignment of the

hum & ~Cr~GGGA=* -~ m CAAG- —~ACC— —m AGECam A e F B G AGmn P human p-myosin HC-specific nucleotide and derived
amino acid sequences of the first translated exon
hum B8 M 6 05 EMAVFGAAAPYLRIK S (exon3)with corresponding sequences of the human
iiz : - - A - - - .- T - - -~ - - - - - g rabbit -, and rabbit a-myosin HCs. hum f,
rab o - ; - ; g o g N Z - ‘_J - - © © 7 Human p-myosinHC as derived from gMHC-3; hum
o, human g-myosin HC, taken from Saez et al.
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hum 8 GAGAAGGAGCGGCTAGAAGCGCAGACCAGGCCTTTTGACCTCAAGAAGGATGTCTICGTGCCTGATCACAACAG (0Pt B- and a-myosin HCs. derived from cloned
T j e G Cmmmmm CrmmmmCmmm e A=TCGC-CT=GTG m oo Commmmmemn ce-n DNA sequences (P.K. Umeda, personal communica-
tion). The dashes indicate nucleotides or amino acids
hmb £ KERLEAQTRPEODLKKDYFVYPDODKDGA matching with the human $~-myosin HC. The asterisks
Ei: 2 ... Lo TR TE c oS TIcC E in the sequence of a-myosin HC mark positions
8@ = = = - & o a0 e o o - - T RTER - - - oo E where a “best fit” alignment can only be achicved by
"~ the tentative introduction of nucleotides that were
end of exon | not reported in the original data (Saez ct al. 1987).
hum 8 GAGTTTGTCAAGGCCAAGATCGTGTCTCGAGAGGGTGGCAAAGTCACTGCCGAGACTGAGTATGGCAAG The generally highly conserved sequences of verte-
hum g ------omoee L TT-=-C--G-====R-====G====T---T--A~~C---RB-~=~G-~- brate myosin HCs suggest this addition (see Warrick
hmB E FVKAKIVSREGGKVTIAETEYGEK and Spudich 1987). CAGQCA TGG, translational.
TBD B = = - m e e oo M om e e e e e e e e Lo o H e - start sequence (with one mismatch as compared with
R e = = = = = o o [ w = = = @ = « ] =« o« « = N - = the reported consensus, see text) including the
raba = = = E - - - - - 4 4 o o o - - = = = w N - - initiation codon ATG and the Neol cleavage site

that harbors a solitary Ncol cleavage site in a distance of
about 22 kb from the 3’ end of the gene (Fig. 3). This site was
found in identical positions on gMHC-2 and -3. In eukaryotic
genes the translational initiation codon ATG relatively fre-
quently forms part of a consensus sequence CCRCCATG(G)
(Kozak 1984), which includes the recognition site for Ncol
(underlined, see Fig. 3). Since the distance between the trans-
lation start and the poly(A) addition site in other known
vertebrate myosin HC genes, i.e., the embryonic skeletal
myosin HC genes of rat (Strehler et al. 1986) and chicken
(Molina et al. 1987), are 22.4 and 20.4kb long respectively,
the Ncol site on gMHC-2 and -3 was a likely candidate to
mark the beginning of the translated region.

Sequence data from this region of the human gene show
that the initiation codon ATG and its immediate neighbor-
hood conform to the above consensus sequence with the ex-
ception of the minus 4 position relative to ATG. We identified
a putative 5' splice site 8 bp 5’ to ATG. The downstream se-
quence includgd exon 3 with 67 amino acids of the N-terminus
of the myosin heavy chain. (Exons 1 and 2 do not include cod-
ing information. [gstead, they constitute, as will be shown
elsewhere, the bulk of the 5’ nontranslated region of the B-
myosin HC mRNA..)

1t follows from a sequence comparison with other mamma-
lian cardiac myosin HC sequences, both on DNA and protein
level, that the protein sequence coded by this exon forms the
amino terminus of B-myosin HC. The relevant sequences
(Fig. 3) indicate close homology between the human and rab-
bit B-myosin HC sequences for the first coding exon: 94% for
the protein and 92.8% for the DNA. (The unpublished rabbit
data were kindly provided by P.K.Umeda, University of
Chicago. The DNA sequence is not included in Fig. 3). Signif-
icantly less homologous is the human B-myosin HC to the cor-
responding amine terminus of either the human a-myosin HC
(DNA, 75% protein, 77.6%; see Saez et al. 1987) or the rab-
bit a-myosin HC (81% on the protein level). The extent of
protein sequence conservation between rabbit o- and p-myo-
sin HC (83.6%) is not far from the degree of conservation be-
tween human ¢- and B-myosin HCs.

These data show positively that the coding information of
the gene is completely contained within the cloned genomic
region. Since this region extends about 5kb beyond the ATG
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initiation codon, we were able to identify the putative pro-
motor by gene transfer experiments within a 1.3-kb HindIll
fragment about 1.9kb 5' to the initiation start site (Horstmann-
Herold et al. 1988). The promotor location is indicated in
Fig. 1.

In addition, using EcoFIII DNA as a probe, we have lo-
cated the restriction sites for Hindill, BamH1 and EcoRl in
genomic DNA within the 3’ end of the B-gene and adjacent
downstream sequences. In blots (Southern 1975) we observed
fragment lengths of 7.5, 14, and 4kb, respectively (Fig. 4).
These values fit into the combined restriction maps of clone
gMHC-1 (or -4) and the recently reported human myosin HC
clone AHMHCS (Sacz et al. 1987). These mapping data con-
firm that the B~ and the a-myosin HC genes are closely linked
in the genome.

Dhiscussion

The B-type specificity of the myosin heavy chain gene, which
we have cloned on a 30-kb-long genomic region, was origi-
nally determined by comparison of 3’ terminal translated and
nontranslated sequences that are more similar to B-myosin
heavy chain DNA and protein sequences than to other known
mammalian myosin sequences {Lichter et al. 1986). We have
extended this analysis to 5’ terminal sequences and find again
a particularly close sequence relationship to nonhuman B-
myosin sequences.

The p-myosin HC gene is expressed both in cardiac and in
skeletal muscle. This conclusion rests on $1 nuclease protec-
tion mapping of mRNA with DNA probes from the 3’ end of
this gene (Lichter et al. 1986 Saez et al. 1987, J andreski et al.
1987) and also on evidence based on in vitro amplification of
human myosin mRNA from skeletal and cardiac muscle in a
polymerase chain reaction (Harbarth and Vosberg 1988). The
p-myosin HC mRNA in human skeletal muscie is probably re-
stricted to slow muscle fibers (J andreski et al. 1987).

That the p-myosin HC gene is active in two different mus-
cle tissues is corroborated by the independent isolation of
identical p-myosin HC ¢DNA sequences from a cardiac as
well as from a skeletal muscle cDNA library. We have isolated
from a skeletal cDNA library a 4840-bp-long clone (K. W.
Diederich, unpublished work) that carries at its 3' end the
nontranslated sequence that we have previously identified at
the 3' end of the genomic clone gMHC-1 (Lichter ¢t al. 1986).
We note that this part of the cDNA sequence is identical in its
entire length with that obtained from others with a cardiac
(Jandreski and Liew 1987) or skeletal muscle myosin HC
cDNA (Saez and Leinwand 1986).

It has been suggested repeatedly (Bouvagnet et al. 1984;
Jandreski et al. 1987; Mommaerts 1988 Tsuchimochi et al.
1988) that the f-myosin HC as a protein is not strictly unique,
but exists in (at least) two different versions in mammalian
cardiac and/or skeletal muscle. Such isoform variability of the
p-myosin HC could theoretically be based on a closely related
but nonallelic isogene, on alternative splicing of the transcript
of one unique gene, or oM posttranslational modification of
the protein.

The B-specific probe EcoFIII, which carries the 3’ non-
transiated sequence of p-myosin HC mRNA, hybridizes to
only one fragment on genomic Southern blots after restriction
with HindIIl, BamHI, and EcoRI (Fig. 4), indicating that the
p-myosin HC gene is most probably a single-copy gene in the

human genome. Thus, no evidence exists for a second, B-re-
lated gene. This is in agreement with the findings of Catanzaro
and Morris (1986).

Alternative splicing of RNA could yield cDNAs with par-
tially varying sequences. Differences in reported p-myosin HC
cDNA sequences — pHMC3, from a cardiac source (Jandreski
and Liew 1987), and pSMHCZ, from a skeletal source (Saez
and Leinwand 1986) — have been taken to suggest that two
differently spliced forms of B-myosin HC mRNA are present
in human striated muscle (J andreski et al. 1987). However,
this notion is solely based on the comparison of independently
derived DNA sequences from different laboratories. It was
not confirmed by S1-mapping experiments with f-myosin HC-
specific cDNA as a probe (Jandreski et al. 1987). The suggest-
ed alternative splicing would require putative exon sequences
that were selectively incorporated into differentiaily spliced
mRNA molecules. Exons able to appear variably in mRNA
(e.g.,ina tissue-specific manner) should exhibit a high degree
of sequence homology. So far, our DNA sequence data cover-
ing about 80% of the entire f-myosin HC gene including the
regions with the reported sequence differences do pot provide
evidence for exons which are potentially involved in alterna-
tive RNA processing (T. Jaenicke, K.W. Diederich, T.Ried,
and H.-P.Vosberg, in preparation). Thus, the observed
cDNA sequence differences may require another explanation.

With respect to covalent modifications of myosin heavy
chains, at least one report indicates that posttranslational
events (Bandman et al. 1982) may contribute in vivo to myo-
sin HC isotype variability. The extent to which such mecha-
nisms are used is, however, not known.

Different types of myosin HCs have in general rather simi-
lar structures (Warrick and Spudich 1987). We have found by
comparing the amino termini of a- and B-myosin HCs from
different mammalian species that within this frame of general
similarities, specific subpatterns of sequence conservation
exist among cardiac myosin HC genes. This observation cor-
roborates the notion (Friedman ct al. 1984; Lichter et al.
1986) that duplication of the cardiac myosin HC genes pre-
ceded the onset of mammalian species differentiation.

Genomic clgpes of the human cardiac myosin HC locus on
chromosome 14 have been described by Appelhans and Vos-
berg (1983; clone d,gsignation, gMHC-1), by Catanzaro and
Morris (1986; ZVHCMHCS, obviously resembling gMHC-1,
and AHCMHCY, presumably part of the a-myosin HC gene).
by Saez et al. (1987; LHMHCS, carrying N-terminal parts of
the u-myosin HC gene in addition to the 3’ end of the p-myo-
sin HC gene), and recently by Matsuoka et al. (1988;
rgHMHCI, representing the C-terminal half of the a-myosin
HC gene and — according to the respective restriction maps —
resembling AHCMHC9). Our restriction mapping data ob-
tained with genomic DNA (Fig. 4) show that the cloned 30-kb
region represented by gMHC-1, -2, -3, and -4 overlaps with
AHMHCS (Saez et al. 1987). Since B-myosin HC exon se-
guences teported by these authors are identical with se-
quences that we have reported previously (Lichter et al.
1986), we conclude that a cloned contiguous region of at least
45 kb of the cardiac myosin HC focus is now available.
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